In supply chain management, supplier performance is evaluated based on several criteria. In this paper, a fuzzy multi-objective mathematical programming model is presented to consider different qualitative and quantitative factors to choose appropriate suppliers and the optimal order quantity allocated to them. The proposed study uses analytical hierarchy process to rank different suppliers and a fuzzy multi-objective mathematical programming is presented to choose the best suppliers. The study uses NSGAII to solve the resulted problem and the model is analysed using some sample results under various circumstances. The study considers different Pareto solution set obtained by TOPSIS ranking algorithm, and eventually determines the best possible solutions.
Introduction
During the past three decades, there have been tremendous efforts on proposing good models for supplier selection (Ghodsypour & O'Brien, 1998; De Boer et al., 2001; Feng et al., 2011) . Many supplied selection problems involve different criteria such as cost, quality, on time delivery, etc. (Ghodsypour & O'brien, 2001; Erol et al., 2011) . Supplier selection models have been successfully implemented in various industries such as electronic industry (Gencer & Gürpinar, 2007) , battery company (Alyanak & Armaneri, 2009) , etc. Many supply chain problems are influenced by uncertainty and there have been many methods for handling uncertainty such as fuzzy programming (Amid et al., 2006; Awasthi et al., 2010) , Analytical hierarchy process (Hsu & Hu, 2009) ; gray relational method (Bai & Sarkis, 2010) , goal programming (Demirtas & Üstün, 2009; Chang, 2011) , Neural network (Choy et al., 2003a,b,c) , The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) , fuzzy TOPSIS (Jolai et al., 2011) , fuzzy DEMATEL , decision support systems (Yigin et al., 2007 ) , multi-objective (Demirtas & Üstün, 2008 ) and simulation technique. There are literally several factors influencing on choosing a good supplier such as price, quality, on time delivery, reliability, etc.
The proposed study
In supply chain management, supplier performance is evaluated based on several criteria to reach sustainable development (Seuring & Müller, 2008) . In this paper, a fuzzy multi-objective mathematical programming model (Zadeh, 1965 (Zadeh, , 1976 is presented to consider different qualitative and quantitative factors to choose appropriate suppliers and the optimal order quantity allocated to them is determined. The proposed study uses analytical hierarchy process (Saaty, 1980) to rank different suppliers and a fuzzy multi-objective mathematical programming (Weber & Current, 1993 ) is presented to choose the best suppliers. The following assumption holds for the proposed study of this paper.
1. It is possible to purchase multi products from each supplier (Rezaei & Davoodi, 2011; Ng, 2008 
Objective functions
Assigning the maximum amount of order to appropriate supplier Aissaoui et al., 2007) ,
Minimization the amount of defects (Schott, 1995; Wang & Yang, 2009) 
Minimization the amount of delays (Wu & Barnes, 2011) 
Minimization the amount of risks (Weber et al., 1991; Wu & Olson, 2008) 
Fuzzy objective functions
Therefore we have,
62 = min( 6 − 6 ), 63 = min( 4 − 4 ) , 63 = max( 4 − 4 ). Now the fuzzy model becomes as follows,
6 ( 62 − 62 ) ≤ � 6 − 6 � − 62 (33)
Eqs.(6-1)
Solution strategy
In this section, we present the implementation of NSGAII as a solution strategy to solve the resulted model. Fig. 1 demonstrates the organization of a chromosome used in our survey. Fig. 1 . The structure of the proposed study According to Fig. 1 , the rows represent the suppliers and columns represent products. When cell (i, j) is greater than zero, it means supplier i provides product j and the amount of cell determines the number of product supplied from supplier i for product j. For instance, in Fig. 1, 250 units of products of type 1 are supplied by supplier 3. The crossover operator in this survey is executed as follows, In addition, the mutation operator is accomplished by randomly exchanging the locations of two cells. Fig. 3 demonstrates the structure of the proposed study, 
After mutation

Parameter tuning
In this survey, for tuning parameters used in our survey the implementation of the proposed study uses different numbers for small, medium and large-scale problems. Table 1 demonstrates the summary of the parameters. In our survey, we have generated 9 different sample problems in three different sizes of small, medium and large-scale. The number of products is varied from 3 to 8 and the number of products is changed from 5 to 50. Since there is more than one objective function, different criteria of non-dominated solutions (NOS), diversity, Mean ideal distance (MID), Coverage criteria set (NH) and spread are used to compare the final solutions. Table 2 shows details of the parameters used for sample size. Table 3 demonstrates the results of the implementation of the proposed method of some sample data. The proposed method of this paper has implemented analytical hierarchy process (AHP) (Saaty, 1980) to assign weight to five objective functions given in Eq. (1) to Eq. (5) and the weights for these five objective functions are 0.25, 0.15, 0.25, 0.15 and 0.20, respectively. Now, we rank the set of Pareto solution using TOPSIS method (Hwang & Yoon, 1981; Shih et al., 2007) . The implementation of TOPSIS uses five objective functions as criteria and suppliers as alternatives. The implementation is accomplished under two different circumstances. When all objective functions are given equal weights, Pareto solution number 18 is selected as the best alternative solution and Table 4 demonstrates the results of our survey. In addition, the objective functions for Eq. (1) We have also used the weights obtained by AHP method and Table 5 demonstrates the results of our survey. 
Sensitivity analysis
The sensitivity analysis has been accomplished under six different circumstances shown in Table 6 . The implementation of the TOPSIS method has resulted different production plan for three products and Fig. 4 demonstrates the results.
Fig. 4. Production plan under different scenarios
As we can see there is not much change on the pattern of production order in six different scenarios.
Conclusion
In this paper, we have developed a multi-objective decision making problem by considering various criteria such as assigning the maximum amount of order to appropriate supplier, minimization the amount of defects, delays, cost and risks. The resulted mathematical problem has been formulated as mixed integer programming and it was solved using NSGAII for some small, medium and large-scale problems. The implementation of the proposed method has been investigated under different scenarios by generating various data. The implementation of the proposed method for some real-world case studies may influence profitability of the production system and we leave it for interested researchers as future studies. Another opportunity is to consider life cycle as part of mathematical model using the idea of Narasimhan et al. (2006) . In addition, the proposed study of this paper has used TOPSIS method for ranking purpose but we may use grey relational analysis for ranking used by Noorul Haq and Kannan (2006) . Another breakthrough for development of this paper is to consider competition among existing suppliers and we may develop the model using the idea of Ha and Krishnan (2008) . Reverse logistic and environment taking issues are another possible contributions, which could be considered for the proposed model of this paper Amin & Zhang, 2012; Govindan et al., 2012) .
